Background: The purpose of this study was to establish practical diagnostic criteria to differentiate colonic diverticulitis from colon cancer by computed tomography (CT) in the emergency department (ER). Methods: Helical CT scans of 40 patients admitted to the ER with the clinical diagnosis of diverticulitis and 14 patients diagnosed with colon cancer were retrospectively reviewed. In total, 18 imaging parameters were analyzed and were compared between the 2 groups of patients. Results: Thirteen parameters were found to be statistically significant for the diagnosis of colonic diverticulitis in excluding colon cancer: pericolic infiltration (p < 0.001); presence of lymph nodes (p < 0.001); inflamed diverticula (p = 0.001); non-inflamed diverticula (p = 0.001); degree of enhancement (p = 0.001); intestinal obstruction (p = 0.001); involved wall thickness (p = 0.005); lymph node size (p = 0.007); fascial thickening (p = 0.009); pattern of enhancement (p = 0.012); involved length (p = 0.014); free air (p = 0.035); and abscess formation (p = 0.042). Among these parameters, the most valuable imaging findings for diverticulitis were the presence of non-inflamed diverticulum, inflamed diverticulum, mild degree of enhancement, and small lymph node size. Three were found to have high specificity but low sensitivity: target enhancement pattern; abscess formation; and free air. When colonic obstruction is present, colon cancer is more likely than diverticulitis. Conclusion: Specific CT criteria help to differentiate colonic diverticulitis from colon cancer. CT scan with intravenous contrast administration would be the best noninvasive imaging modality in the ER for the accurate diagnosis and appropriate management of such disease. [J Chin Med Assoc 2005;68(9):411-418] 
Introduction
Computed tomography (CT) has been recommended as the first-line diagnostic tool for diverticulitis because of its advantages of noninvasiveness, direct visualization of pericolic inflammatory processes, and ability to evaluate the extent of disease and its complications by a single examination. 1, 2 A diagnostic accuracy of 41% for diverticulitis with CT has been reported. 3 However, a more recent publication has reported a diagnostic Differentiating Colonic Diverticulitis from Colon Cancer: The Value of Computed Tomography in the Emergency Setting accuracy of 80-100% with the use of high resolution CT. 2 In daily practice in the emergency setting, the main difficulty in the diagnosis of diverticulitis is to exclude the possibility of colon cancer; both are endemic in the aged population and they share a similar clinical presentation as well as CT appearance. Differentiating between these 2 conditions is important because treatment is completely different and unnecessary surgery should be avoided. Pitfalls in differentiating colonic diverticulitis from colon cancer have been reported in 10-30% of cases 4, 5 depending on the CT technique used, personal experience, interpretative criteria, and the various degrees and types of inflammatory processes in the study groups.
Methods
In this study approved by our hospital's institutional review board, we retrospectively compared the CT findings of both colonic diverticulitis and colon cancer in order to establish diagnostic criteria. Significance, sensitivity, specificity, positive predictive value, negative predictive value and overall accuracy of each finding were analyzed.
Patient selection
Colonic diverticulitis group Three hundred cases of colonic diverticulitis clinically diagnosed during [2002] [2003] were retrieved from the medical registry. Only 40 had been admitted via the emergency department and had CT imaging studies performed at presentation. Their clinical information as well as CT images were reviewed retrospectively.
There were 25 men and 15 women with a mean age of 64 years (range, 32-84 years). Presenting symptoms and signs included abdominal pain (n = 33, 82.5%), leukocytosis (white blood cell count, WBC > 10 × 10 9 /L; n = 31, 77.5%), fever and/or chills (n = 13, 32.5%), nausea and/or vomiting (n = 6, 15.0%), and diarrhea (n = 4, 10.0%). Twenty-one patients were found to have diverticulitis on operation; 14 did not receive surgery but had barium enema (n = 14) and/ or colonoscopy (n = 12) to confirm the diagnosis; the remaining 5 patients were diagnosed to have colonic diverticulitis by their clinical course only. All were followed up for 27-86 months (mean, 56.6 months) to exclude the possibility of other colonic disease.
Colon cancer group Of the 579 cases of colon cancer clinically diagnosed during 2002-2003, which were retrieved from the medical registry of our hospital, 15 had been admitted via the emergency department due to acute abdomen. Fourteen had CT imaging studies performed in the emergency setting. Their clinical information as well as CT images were reviewed retrospectively.
There were 9 men and 5 women with a mean age of 70 years (range, 30-89 years). Presenting symptoms and signs included abdominal pain (n = 13, 92.9%), leukocytosis (n = 3, 21.4%), abdominal fullness (n = 2, 14.3%), constipation (n = 1, 7.1%), body weight loss (n = 1, 7.1%), and bloody stool (n = 1, 7.1%). These patients were found to have colon cancer by operation (n = 6) or colonoscopy (n = 2), or both (n = 6). None had a barium enema study.
CT technique and imaging analysis
CT examinations were performed by a helical CT scanner (Hispeed, GE Medical Systems, Milwaukee, WI, USA) with slice thickness 7 mm and pitch 1. Each patient ingested 600 mL of 2% diluted oral contrast medium 60 minutes before the examination and 300 mL just before scanning. Intravenous administration of 100 mL 66% contrast medium was routinely given except for 3 patients in the colonic diverticulitis group because of poor renal function or previous allergic history.
The CT images were retrospectively reviewed by 3 radiologists (SHS, JDC and CMT) and interpreted by consensus. The length of the involved segment and wall thickness were measured. The pattern of thickening was recorded as either circumferential or partial (i.e. part of the circumference is spared). The presence of inflamed or non-inflamed diverticula, "arrowhead sign" 6 (focal thickening of the colonic wall with an arrowhead-shaped lumen pointing to the inflamed diverticula), pericolic infiltration, adjacent fascial thickening, and the presence of mesenteric fluid were recorded. The degree and pattern of contrast enhancement of the lesion and presence of engorged vein were recorded for contrastenhanced CT images. The degree of enhancement was recorded as none, minimal or obvious compared with the bowel walls of the normal segment of the colon. Enhancement patterns were categorized as being target 7 (preservation of the wall layer structure with high attenuation of the inner and outer layers and low attenuation of the middle layer), homogeneous or heterogeneous. Complications including abscess formation, presence of free air, fistula formation and intestinal obstruction were also recorded. The visibility of regional mesenteric and para-aortic lymph nodes as well as their maximum size on the axial plane were evaluated.
Statistical analysis
To identify the significant CT findings for differentiating colonic diverticulitis from colon cancer, the results of each parameter in the colonic diverticulitis group and colon cancer group were compared individually by using Fisher's exact test or the Chisquared test for categorical variables and the Wilcoxon rank-sum test for continuous variables (SAS statistical software package 6.12, SAS Institute Inc, Cary, NC, USA). A p value of less than 0.05 was considered to be statistically significant. Sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy were also calculated for each parameter.
Results
The comparison of imaging parameters and contrast enhancement between the 2 groups are summarized in Tables 1 and 2 . There were statistically significant differences in 13 parameters: pericolic infiltration, visibility of lymph nodes, inflamed diverticula, noninflamed diverticula, degree of enhancement, intestinal obstruction, involved wall thickness, lymph node size, fascial thickening, pattern of enhancement, involved length, free air, and abscess formation.
Colonic diverticulitis tended to be longer and thinner than colon cancer. The lesions of diverticulitis were often minimally enhanced while those of colon cancer were often obviously enhanced ( Figures 1A and  2A ). Most diverticulitis lesions showed either a target (43.2%) (Figure 3 ) or homogeneous (37.8%) pattern of enhancement, while lesions of colon cancer showed a homogeneous (71.4%) ( Figure 1A ) or heterogeneous (28.6%) (Figure 2A ) pattern. Inflamed diverticula were identified in all diverticulitis lesions (Figure 3 ) except for 3 patients in whom the inflammatory process destroyed the entire colonic structure; none was identified in the colon cancer group. Non-inflamed diverticula were identified in most diverticulitis lesions (85.0%) but in only 1 (7.1%) in the colon cancer group ( Figure 2B ). The diverticulitis group also had a higher incidence of abscess formation ( Figure 4A ) and intraperitoneal free air. Figure 2A shows a non-inflamed diverticulum within the lesional segment (arrow) and an enlarged lymph node adjacent to it (arrowheads).
B A B A
Only 2 cases in the diverticulitis group had the complication of intestinal obstruction at the level of the small intestine ( Figure 4B ) and colon, respectively, while more than half of the patients in the colon cancer group had intestinal obstruction with the level of obstruction exclusively at the colon ( Figure 5B ). In the colon cancer group, carcinomatosis was noted in 3 patients (21.4%) and metastasis was detected in 5 (35.7%), with 4 in the liver and 1 in bone.
The colon cancer group had a higher incidence of visible lymph nodes that were significantly larger than in the diverticulitis group ( Figures 1B, 5A and 2B ). Lymph nodes (most < 10 mm) were seen in only 13 patients in the diverticulitis group (32.5%). The only patient with lymph nodes larger than 10 mm in the diverticulitis group was found to have coexisting chronic myelocytic leukemia during hospital stay. The unusually large lymph node (28 mm) was most likely due to leukemic lymphadenopathy rather than to inflammatory reactive hyperplasia of diverticulitis. This case was, therefore, excluded from the comparison of lymph node size between the 2 groups. On the contrary, most patients (n = 13, 92.9%) in the colon cancer group had visible lymph nodes and more than half were larger than 10 mm.
Four parameters were found to have both high sensitivity and specificity for differentiating diverticulitis from colon cancer: non-inflamed diverticula, inflamed diverticula, minimal degree of enhancement, and absence of visible lymph nodes and small lymph node size (Table 3) . Four parameters were found to have high sensitivity but low specificity: pericolic fat infiltration, thick fascia, absence of intestinal obstruction, and ascites. Parameters with high specificity but low sensitivity were: target enhancement pattern, arrowhead sign, engorged vein, mesenteric fluid, abscess and free air. 
Discussion
Colonic diverticulitis and colon cancer are completely different pathologic entities, but with the similar appearance of segmental thickening of the colonic wall with various degrees of pericolonic infiltration on CT scan. Although diverticulitis has been thought to have thinner and longer colonic involvement with more pericolic inflammatory change than colon cancer, Figure 5 . Contrast-enhanced computed tomography scan of a 68-year-old man with colon cancer: (A) annular thickening of the ascending colon (arrows) with pericolic infiltration and fascial thickening, minimally-enhanced lesion with a heterogeneous pattern, and adjacent enlarged mesenteric lymph nodes (arrowheads); (B) the scan caudal to that in Figure 5A shows a markedly distended colon (small arrows) proximal to the cancer and a collapsed distal colon (open arrow), indicating the presence of colonic obstruction.
overlapping CT features are not uncommon and have been reported as nonspecific. 8, 9 Difficulties in differentiating between both conditions may be encountered when the inflammatory process is confined to the wall of the colon without any obvious pericolic reaction, in which CT scan reveals excessive wall thickening with no or only limited pericolic inflammation. 4 In some cases, CT may fail to identify diverticulosis because of severe destruction of the B A colonic structure or fluid-filled intramuscular diverticula. Sometimes, the inflammatory process is localized as an inflammatory mass, which is not rarely seen in right-side colonic diverticulitis. In some cases of colon cancer, the typical mass effect and abrupt transitional zone of the lesional segment may not be detected because the axis of the colon is perpendicular to that of the scanning plane. Perforated colorectal cancer is another obstacle since its major findings are abscess and varying degrees of pericolonic inflammation that mimicks perforated diverticulitis. 10 As CT is increasingly utilized as the screening modality for suspected colonic diverticulitis in the emergency department, more reliable CT criteria for differentiating diverticulitis from colon cancer are critically important.
The presence of inflamed and non-inflamed diverticula were the most reliable signs for the diagnosis of diverticulitis in this study, with high accuracies of 94.4% and 87.0%, respectively. With high-resolution CT and administration of intravenous contrast medium, the detection rate of diverticula in diverticulitis has significantly increased. 4, 6, 11 Coincidental diverticula has been reported in 14-29% of colon cancer cases, 2, 11 while the figure was only 7.1% in this study. It is sometimes difficult to determine whether the inflamed diverticula located within the lesion segment is the primary pathology or secondarily involved. The most helpful principle is that inflamed diverticula in diverticulitis is often at the level of maximal pericolic inflammation and maximal wall thickening. 12, 13 If the inflammatory process is so severe that colonic structure as well as diverticula are destroyed, as in 3 cases in our diverticulitis group, CT diagnosis may be difficult. In these cases, careful delineation of evidence of diverticulosis, including simple diverticula and muscular hypertrophy (sawtooth-like thickening of the wall when the axis of the colon is parallel to that of the scanning plane), may be helpful.
Both the pattern and degree of enhancement showed statistically significant differences between diverticulitis and colon cancer. Target pattern, which indicates preservation of colonic structure, has been reported to be a significant CT finding for diverticulitis, with both high sensitivity and specificity in the right side colon. 11 However, in this study, although none of the colon cancer group patients had a target pattern, only 43.2% of the lesions in the diverticulitis group did; thus, sensitivity was relatively low. The degree of enhancement as compared with the normal bowel loops had a high sensitivity (89.2%) and specificity (78.6%); this has not been previously documented. Most diverticulitis lesions have minimal enhancement while most colon cancer lesions have obvious enhancement, which may be explained by the solid hypervascular nature of tumor infiltration in carcinoma versus the dominant edematous change due to inflammation in diverticulitis. Therefore, we recommend administration of intravenous contrast medium for CT examination because the degree and pattern of enhancement may provide more valuable information for the diagnosis of diverticulitis versus colon cancer.
Pericolic infiltration was the most sensitive sign (100%), but its specificity is questionable (42.9%). Since diverticulitis can cause pericolic inflammation, pericolic infiltration is the typical CT finding described in the literature, although cases with no or only minimal pericolic infiltration have been reported. 4 In the colon cancer group, pericolic infiltration may be due to either tumor infiltration or pericolic inflammation caused by microperforation. Sometimes, vascular or lymphatic congestion may share the same appearance. In the case of carcinoma with free perforation, pericolic infiltration is inevitably present.
Colonic obstruction is another previously unrecorded but significant factor to differentiate between diverticulitis and colon cancer. Both may cause it, but in colon cancer, colonic obstruction is the most frequent complication, with the incidence varying from 3.8% to 23% depending on the disease stages of the study population.
14 In diverticulitis, the chronic inflammatory process confined within muscle and the resultant intramuscular fibrosis is responsible for the rigidity of the lumen. The frequency of diverticulitis complicated with colonic obstruction varies from 10% to 20%. 12, 15, 16 In our study, only 1 patient with diverticulitis showed colonic obstruction (2.5%), while more than half (57.1%) of colon cancer patients had colonic obstruction. Another patient in the diverticulitis group had small bowel obstruction secondary to adhesion from diffuse intraperitoneal inflammation, which is another rare complication of diverticulitis requiring surgery to be postponed until the inflammation has subsided with antibiotics.
2 Therefore, on the basis of our study result, the existence and level of obstruction can help to differentiate diverticulitis from colon cancer in the emergency setting, and is also helpful for decision-making regarding treatment strategy.
Visibility of lymph nodes is another significant factor. In this study, lymph nodes were seen in only 13 (32.5%) cases in the diverticulitis group and 13 (92.9%) in the colon cancer group, which is compatible with the results from a previous report. 10 Although the report of Chintapalli et al 9 showed no significant difference in node size, our study revealed the contrary result: while none had lymph nodes larger than 1 cm in size in the diverticulitis group, in the colon cancer group, 6 (46.2%) had lymph nodes smaller than 1 cm, 3 (23.1%) had nodes between 1 and 2 cm, and 4 (30.8%) had nodes larger than 2 cm. The conflicting results of these studies may stem from differences in location of the lymph nodes, method of measurement, and disease stages. Lack of correlation between malignant metastasis and lymph node size has been reported, 17 but the criteria for diagnosis of lymph node metastasis is still under debate. Because of lack of pathologic proof, our study had difficulty in explaining the significant difference in the size of the lymph nodes between the 2 groups. Although larger pericolic lymph nodes may be more frequently related to colon cancer than colonic diverticulitis, further study is needed to determine how it can be applied as a diagnostic criterion.
In conclusion, although CT can make accurate diagnoses in the majority of patients with colonic diverticulitis, there is still difficulty in excluding colon cancer. Several CT findings, including the presence of diverticula (either inflamed or non-inflamed), absence of lymph nodes, minimal degree and target pattern of enhancement, are of great value and should be employed as major CT criteria in the diagnosis of colonic diverticulitis versus colon cancer.
